Eight grass pea lines grown in three different seasons were evaluated for the stability of seed yield, 100 seeds weight, flowering time, plant height, and biomass. Significant differences existed among years, lines, and lines × years interaction for all traits except for 100 seeds weight. Two methods of multivariate analysis cluster and principal components were utilized to determine: firstly, whether a pattern existed among lines in their response across years and secondly to examine the relationships among them. In both analyses, each line was presented as a vector whose elements were given by the performance of lines in each year. The analyses used arranged the lines into groups that were differentiable in terms of performances and stability. Our results provide useful information to aid the choice of grass pea lines in the Mediterranean marginal areas.
Introduction
Lathyrus sativus L. (grass pea, in italian "cicerchia") has been a traditional crop both for animal consumption as forage and grain, and for human consumption as a food grain. The main qualities of this grain legume consist of its sturdiness, drought tolerance, and adaptability to a wide range of soil types, including the marginal ones. Also, high protein content makes this species interesting as a forage crop (Polignano et al. [1] ; Crinò et al. [2] ; Polignano et al. [3] ; Polignano [4] ). Although rich in protein, the utilization of grass pea grain is limited by the presence of a water soluble, nonprotein amino acid β-N-oxalyldiaminopropionic acid (β-ODAP) which acts as a neurotoxin crippling the lower limbs when consumed in large amounts during a prolonged period can cause the disease neurolathyrism (up to 6% of the population) (Sharma et al. [5] ). This has lead to the crop being excluded from agricultural improvement efforts. In fact, the sale of Lathyrus has been officially banned in some countries (Riley [6] ). In Italy, since the early 70s the culture of the crop has decreased alarmingly and has almost disappeared. More recently, a renewed interest in grass pea cultivation is justified by the need to recover marginal lands and to provide an efficient alternative to wheat in the areas overexploited by cereal cultivation. Also, research on the use of grass pea for animal feeding will be of great importance in order to stimulate the expansion of grass pea cultivation in sustainable and low-input agricultural systems (Crinò et al. [2] ). Breeding programs involving genotypes combining high yield with high protein content and low or no neuro-toxin (β-ODAP) are in progress all over the world (Dorrestein et al. [7] ; Addis and Narayan [8] ; Hanbury et al. [9] ; Robertson and Abd El Moneim [10] ; Mehta and Santha [11] ; Crinò et al. [2] ; Vaz Patto et al. [12] ; Poma et al. [13] ). For these reasons several research programs aimed at the collection, characterization, and evaluation of grass pea germplasm have been conducted. Considerable genetic diversity, as revealed by phenological, morphological, agronomical, biochemicals, molecular, and quality polymorphism exists in grass pea throughout the world (Alfaro et al. [14] ; Chowdhury and Slinkard [15] ; Chtourou-Ghorbel et al. [16] ; Przybylska et al. [17] ; Alba et al. [18] ; Siddique et al. [19] ; Sarker et al. [20] [4] ). In our previous work we have developed a core collection to include accessions relevant for genetic studies and breeding (Polignano et al. [29] ). In addition we have evaluated and identified a set of elite grass pea lines useful for breeders and farmers (Polignano et al. [28] ). Genotype x environment interaction is one of the most important steps in order to encourage the utilization of the most stable genotypes by the growers. Relatively few reports provide information on the G x E interaction studies in grass pea. Abd El-Moneim and Cocks [30] [31] ) The present research provided additional information concerning the behavior of a set of selected grass pea lines over different years and grown in a marginal hill area of South Italy characterized by a mild winter and annual rainfall less than 400 mm.
Materials and Methods
Eight elite lines extracted from the Bari grass pea core collection were compared in a replicated randomized complete block design in Matera's Experimental Field at the "Chiancalata" Farm of the Basilicata Region in South Italy during three growing seasons: [2003] [2004] [2005] [2006] (Table 1 ). The line were grown in six-row plots with plants placed continuously within rows, each 30 m 2 . Distance between the rows was 1.50 m with a plot density of 360, 300, and 210 g, respectively, for small, medium, and large seed size. The soil is a clay-loam of generally medium nutrient status lacking in phosphorus, so only presowing fertilizer applications were made (120 kg ha-1 of P 2 O 5 ). A brief summary of both effective rainfall and mean monthly temperatures for each season is given in January 1st to 50% plants with flowers), 100 seeds weight, seed yield, and biomass. A univariate analysis of variance was performed with the years assumed as random, and the lines as the fixed effect. Thereafter the plot means were processed using an analysis which combined multivariate methods (Mungomery et al. [32] ; Polignano et al. [34] ; Alba et al. [36] ). A pattern analysis approach, based on ordination and classification, is presented to identify differences among lines in mean performances and response across seasons. In particular, data analysis followed two steps: (1) an analysis of the main components in order to summarise the information contained in the original traits in a smaller and unrelated number of variables to be represented on a smaller number of orthogonal axes; (2) a cluster analysis utilizing the first three 
Results and Discussion
Mean values and least minimum differences (LSDs) of five traits for eight grass pea lines estimated in each year of cultivation are presented in Table 2 . All main effects and interaction were highly (P ≤ .001) significant. For all traits, except for 100 seeds weight, the effects associated with years were most important in determining differential line responses. In other words, the year component of variance was larger than the line component for days to flowering, biomass, and seed yield. Similar results for seed yield are reported by Hanbury et al. [31] and Tadesse [37] . On the contrary, the line effect was larger for plant height and 100 seeds weight. For all traits the interaction line x year was lower than the main effects. These interactions indicate that from a statistical point of view, the relative performance among lines was not the same from one year to the next, which is not surprising considering the climatic differences among growing seasons. This indicates that genetic variation for flowering time, plant height, seed yield, and biomass existed among the lines and that selection should be effective for these traits in future improvement work. For 100 seeds weight, there was no interaction between years and lines indicating that the lines behaved similarly in all years. The mean values of each line in the three growing seasons were used in the subsequent pattern analysis based on ordination and classification procedures. The principal component analysis was done to reduce efficiently the information on response across the three growing seasons to a smaller number of dimensions. In other words, the ordination procedure allowed the relative proximity of line performances to be visualized in a spatial model of reduced dimensions and also indicate directions of major variation. The first three vectors obtained by the ordination procedure for all traits accounted for 93% of total variation (Table 3) . In particular, if we consider the association coefficients between the original and transformed variables "eigenvectors," the first component (37%) displayed differences in the behavior of the lines for the following traits: seed yield (.62) and biomass (.68); the second component (36%) showed different behavior for the following traits: plant height (.64) and flowering time (.65); while, 100 seeds weight (.83) showed high loadings in the third component. A cluster analysis arranged the line 
Conclusions
The results presented in this paper have given an idea of the relative stability of selected grass pea lines in three different growing seasons. The range of climatic conditions was sufficiently broad to provide for a substantial test of the lines. In fact, the effect of year was much more important than the other effects at least for flowering time, seed yield and biomass. Clear differences for these traits between the grass pea lines across growing seasons were evident. On the contrary, the effect of line on 100 seed weight is clearly most important, while the year and year x line interaction effects were of little importance. This suggests that the seed size is a stable trait in the tested grass pea lines which have shown a good potential to respond better in most favourable growing conditions; similar results are reported by Abd El-Moneim and Cocks [30] . Our results provide useful information to aid the choice of grass pea lines in the Mediterranean marginal areas. However, it is important to underline that in other specific edaphic conditions as in drought prone areas around the world (i.e., Ethiopia, India), characterized by a different soil management, more detailed analyses of adaptation including the soil fertility effect are necessary. Utilizing a combined principal components and cluster analyses to examine genotype performance, the advanced grass pea lines that had a significant stability over different years were identified (MG 103203-1; MG 110492-4). These lines were relatively indifferent to environmental variation and always had good performance. The analysis also identified lines with average sensitivity (MG 110435-3; MG113873-1) and lines with extreme or undesirable sensitivity (MG 110437-4; MG 112251-3; MG 113089-5; MG 110957-4). Consequently, the stable grass pea lines could be considered suitable for a broad "general" adaptability; while, development of specific grass pea lines for specific regions of production would utilize to advantage lines with narrow "specific" adaptability. The pattern analyses used provided effective methodology to systematically investigate the response patterns of a set of genotypes.
